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Several e r u p t i o n s  o f  the El Chiahon volcano between March 28 and A p r i c 4 ,  
1982 produced a g l o b a l  enhancement of t h e  s t r a t o s p h e r i c  a e r o s o l  con ten t  which 
s e r i o u s l y  a f f e c t e d  satel l i te  measurements of p r o p e r t i e s  of t h e  e a r t h  and its 
atmosphere. T h i s  enhancement, possibly the  l a r g e s t  i n  t h e  p a s t  seventy y e a r s ,  
h a s  s i n c e  been monitored by i n  s i t u ,  as well as, sa te l l i t e  and ground-based 
remote sensing techniques.  

Airborne l idar  measurements showed that t h e  maximum g l o b a l  mass loading of -I 

about 1.2 x lo7 tonnes occurred 3-6 months after t h e  e rup t ions .  By May 1983, $ 
t he  a e r o s o l  was well d i s t r i b u t e d  globally,  wi th  peak concen t r a t ions  w i t h i n  a z ,  rather broad e q u a t o r i a l  band and between 40' and 60°N and S. The a l t i t u d e  of L, 5 
the peak a e r o s o l  mixing ratio,  i n i t i a l l y  a t  about 27 km i n  t h e  e q u a t o r i a l  zonc" 
had decreased by 5-6 km by Hay 1983. H i d l a t i t u d e  l i d a r  measurements showed a 2 %  similar decrease, accompanied by loss  of material from t h e  s t r a t o s p h e r e  i n t o  3c nc 
the  troposphere.  Estimates of t h e  lle decay time f o r  t h e  a e r o s o l  mass loadin(&'  

ou. 
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The injected material, a t  l a t i t u d e  17"N and a t  
II 
LI 

a l t i t u d e s  up t o  30 ka~, spread rapidly z o n a l l y  and more slowly mer id iona l ly .  

vary between 5 and 14 months, depending upon l a t i t u d e  and measurement 
techniques,  with a northern hemisphere average of about  10 months. 

INTRODUCTION AND BACKGROUND Y Z  
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c -  (a) The Erupt ion of E l  Chichon -1 
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', o ' u  c: 
l o n g i t u d e  93.2OW. Four major eruptlolw took p l a c e  between 28 March 1982 and 4 cp, id' 
A p r i l  1982 when t h e  f i n a l  and l a rges t  explosion occurred. - L  3 z b .f 

sa t e l l i t e  obse rva t ions  of t h e  clouds from t h e s e  e r u p t i o n s  i n d i c a t e d  t h a t  a t  I 

le& t two and poss ib ly  t h r e e  of the e rup t ions  pene t r a t ed  t h e  tropopause i- a ;7 

(BANDEEN and FRASER, 1982). The cloud quickly spread westward ove r  t h e  Pac i f iA 5 Ocean and l idar observat ions made a t  t h e  Hauna Loa Observatory i n  Hawaii on 9'- 
A p r i l  1982 showed a scattering layer a t  an a l t i t u d e  of 26 km, t h e  s c a t t e r i n g  2 fl 

W , 7 L l  ra t ios  being t h e  g r e a t e s t  eve r  observed t h e r e  (DeLUISI e t  al . ,  1983).  
Subsequent l idar  (McCORMICK et al., 1984) and in s i t u  bal loon measurements 
(HOFMANN and ROSEN, 1983a) showed that t h e  I n j e c t e d  material extended up t o  a n  
a l t i t u d e  of about 30 km and t h a t  there appeared t o  be two l a y e r s  s e p a r a t e d  by a 
r e g i o n  of minimum concen t r a t ion  at an a l t i t u d e  of about 21 h, p o s s i b l y  
a s s o c i a t e d  w i t h  s e p a r a t e  erupt ions of t h e  volcano or d i f f e r e n t  wind regimes. 

. The El Chlchon volcano is s i tua t ed  i n  Mexioo a t  l a t i t u d e  17.3ON and 

GOES and NOAA-6 

7c- 

Per tu rb ing  effects of t h e  s t r a tosphe r i c  cloud qu ick ly  became apparent  on 
s e v e r a l  s a t e l l i t e  systems and these p e r t u r b a t i o n s  provided a u s e f u l  means w i t h  
which t o  map t h e  spreading of t h e  cloud. Notable among t h e s e  were t h e  effects  
on the  Nimbus 7 Total Ozone Mapping Spectrometer (KRUEGER, 19831, t h e  Solar 
Mesospheric Explorer (EARTH et  a l . ,  1983) and t h e  AVHRR sea s u r f a c e  temperature 
s e n s o r  (STRONG, 1984). 



(b)  Typical Behavior of Volcanic S t r a tosphe r i c  Aerosol 

Seve ra l  volcanic  e r u p t i o n s  i n  the previous f i v e  y e r s  have i n j e c t e d  
material i n t o  t h e  s t r a t o s p h e r e  although none has  been t h e  magnitude of E l  
Chichon. The behavior of t h e  
well documented by remote and ln-s i tu  measurement techniques t h a t  it is 
p o s s i b l e  t o  desc r ibe  a t y p i c a l  scenario.  
of a mixture o f  a s h  P a r t i c l e s ,  water vapor and sulphurous gases (DEEPAK, 1982).  
T h i s  expands and is d i spe r sed  by high a l t i t u d e  winds which are predominantly of 
a zonal  na tu re  and sha rp  concentrat ion g r a d i e n t s  are formed by t h e  a c t i o n  of 
wind shea r s .  
a sh  p a r t i c l e s  t a k e s  p l a c e  and sulphuric  a c i d  is produced by chemical . 
t ransformation of t h e  su lphur  d i o x i d e  i n  t h e  cloud (TURCO et al . ,  1982).  The 
s u l p h u r i c  acid nuc lea t e s  t o  form new a e r o s o l  p a r t i c l e s  and condenses o n t o  
p r e e x i s t i n g  a e r o s o l  p a r t i c l e s .  
t h e  mass o f  a e r o s o l  r e s u l t i n g  from t h e  cloud t o  rise t o  a maximum 3-6 months 
af ter  the  e rup t ion .  
major inhomogeneities i n  concentrat ion which s lowly disappear .  
d i s p e r s i o n  is a func t ion  of volcanic l a t i t u d e  and, t o  a c e r t a i n  e x t e n t ,  of 
season of erupt ion.  The i n j e c t e d  material from high l a t i t u d e  e r u p t i o n s  t ends  
t o  remain within t h a t  hemisphere, ma te r i a l  from low l a t i t u d e  e r u p t i o n s  sp reads  
i n t o  both hemispheres forming zonal concen t r a t ions  near t h e  equa to r  and a t  high 
I: - t h e m  and southern l a t i t u d e s .  Following the  time of maximum a e r o s o l  
l ead ing ,  a slow decay is observed due t o  p a r t i c l e  loss i n t o  the t roposphere.  
T h i s  has a l / e  decay time cons tan t  of 6-12 months. Although t h e  E l  Chichon 
e r u p t i o n  was on a larger s c a l e  than o t h e r  r e c e n t  e r u p t i o n s  , t h e r e  was no reason 
t o  b e l i e v e  t a t  its behavior should be r a d i c a l l y  d i f f e r e n t .  
was t h e  likely- of t h e  r a t h e r  high i n j e c t i o n  a l t i t u d e s  ( l a y e r  peak a t  26 
km) as  compared t o  these  earlier erupt ions.  

(c)  Methods o f  Observation 

r a tospehr i c  c louds formed h a s  been s u f f i c i e n t l y  

The i n i t i a l  vo lcan ic  column c o n s i s t s  

In t h e  days following t h e  e rup t ion ,  sedimentat ion of t h e  larger 

T h i s  gas t o  p a r t i c l e  conversion process causes 

A t  t h e  same time, t h e  material is d i spe r sed  g l o b a l l y  with 
Global 

An unknown f a c t o r  
1 rr(UI - 
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The El Chichon volcano has  been t h e  s u b j e c t  of considerable  s c i e n t i f i c  

s tudy,  o f t e n  i n  t h e  form of coordinated missions.  Table 1 shows a list of some 
of  t h e  main techniques used -for study; n e i t h e r  t h e  list nor t h e  r e f e r e n c e s  
g iven  are intended t o  be exhaustive,  b u t  t o  i l l u s t r a t e  t he  range of 
measurements made. The e a r l y  period, J u s t  after t h e  e r u p t i o n s ,  is t h e  most 
i n t e n s i v e l y  Studied, ad I s  appropriate  for a per iod  of r a p i d  change and still 
r e l a t i v e l y  unknown behavior. Routine measurements o f  t h e  a e r o s o l  c loud 
c h a r a c t e r i s t i c s  both by remote and i n - s i t u  techniques have n e v e r t h e l e s s  
continued t o  t h e  p re sen t  time. 

* 

CLOUD CHARACTERISTICS AND BEHAVIOR, APRIL-DECPIBER, 1982 

(a) Global Dispersion 

The e a r l y  s t a g e s  of t h e  spreading of t h e  s t r a t o s p h e r i c  d u s t  c loud are most 
c l e a r l y  shown on t h e  imaging from the NOM-7, GOES-E and G0ES-U satel l i te  
(ROBOCK and MATSON, 1983). This  showed t h e  cloud t o  have spread westward from 
Mexico i n  a narrow zonal band which cicumnavigated t h e  globe by 25 A p r i l  1982. 
The band passed over  Hauna Loa, Hawaii, where l i d a r  observat ions showed 
backsca t t e r ing  r a t i o s  of over  300, the denses t  p a r t  of t h e  cloud being a t  about 
27 km with an upper boundary a t  35 km (DeLUISI e t  al., 1983). O p t i c a l  depth 
v a l u e s  a t  425 nm reached 0.7 i n  April, 1982, as compared t o  a normal background 
va lue  of 0.02. 

I' 



TABLE 1. 

Technique 

Ground-Based 

L i d a r  back sca t te r  

sun photcaetcx 
opt ica l  depth 

Spec t r o p h o t a w t u  
SO2 measurements 

Airborne and Balloon 

L i d a r  backscatter 

In-s i tu  sampling of 
aerosol s ize  and 
composition 

In-situ gaseous 
~ m p l i n g  or over- 
burden measurement 

Balloon-based 
p a r t i c l e  counter 

Inf ra  - red 
transmission 

nul ti-vawlength 
nun photaneter 

S a t e l l i t e  

NrmbuS 1 - Tons 

~ 7 C c O E s  

!%E thermal 
a n i s s i o n  

AVHRR 

SAW XI 
SAGE n 

OBSERVATIONAL METHODS USED TO STUDY THE STRATOSPHERIC 
EFFECTS OF THE EL CHICHON VOLCANIC ERUPTION 

Noter - 
Nmerous stations, mainly i n  the northern 
hemisphere. 

Pa r t  of long-term &at. ae t  f r a  h u n a  x..+n, 
Hawaii. 

Used to e n t i r a t e  t o t a l  mz injection. 

Numerous f l i gh t s  by NASA-LaRC. 

Aircraft  f l i gh t  alt i tude limits sampling 
to  lover part of aerosol cloud. 

Ai rcraf t  f l i g h t  alt i tude l imi t s  .ampling 
to lover part of aerosol cloud. 

Numerous f l i gh t s  t o  30 km by 0 .  of 
Wyoming. 

Additional absorption features due to 
El Chichon effluents measured. 

Heasures vavelmgth dependence of optical 
depth. 

Shorter wavelengths uaed t o  rap SO2 cloud. 

Happed spreading of durt cloud. 

Happed i n i t l a l  distribution of aerosol , 

c l a d .  

Negative b i a s  on sea surface tamperatwe 
indicated locatian of reroaol c l a d .  

1 p optical  & p a  in polar rogiar r  only. 

Since 0ctob.t 1984 only. 
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Meridional  spreading of the cloud was observed by l i d a r  in middle and high 
l a t i t u d e s .  
of 15 km, was seen  on 25 Apri l  1982 (UCHINO, 1985) and a t  Langley, USA (37O19, 
76"W a l a y e r  a t  a similar a l t i t u d e  was seen on 29 A p r i l  (McCORHICK et al., 
1984) .  T h i s  low a l t i t u d e  cloud reached European l idar atatlona soon 
afterwards. It was observed over Fraacati, I t a l y  (42OW, 23"E) on 13 Hay 1982 
( A D R I A N 1  e t  al., 1983) and over Garaisah-Partenkirschen (47"N, 11"B) on 3 May 

. 1982 (REITER e t  al., 1983) .  Movement of t h e  cloud i n t o  t h e  sou the rn  hemisphere 
proceeded more slowly; lidar observations a t  San Jose dos Campos (23"8, 40'W) 
showed t h e  first major enhancement i n  J u l y ,  1982, peak scattering w c u r r i n g ,  aa 
i n  t h e  no r the rn  hemisphere, a t  an a l t i t u d e  below 20 km (CLEnESHA and S ~ N I C I I .  
1983) .  These l i c d r  observat ions are supported by s a t e l l i t e  measurements. Data 
from SHE, a t  a wavelength of 6.8  )rm, taken on Hay 21, 1982 showed the  bulk of 
t h e  i n j e c t e d  material t o  l i e  between t h e  equa to r  and 30"N w i t h  a fringe of 
lower a l t i t u d e  material extending northwards t o  about  60"N (BARTH e t  rl. ,  
1983) .  Part of t h e  material had even reached higher northern l a t i t u d e s  by t h i n  
time. Examination of SAM I1 data (approximately 65"N-8OoN) shows material 
below 20 km i n  a l t i t u d e  a r r i v i n g  there I n  Hay 1982. 

A t  Tsukuba i n  Japan 30"N, 140"E a new aerosol l a y e r ,  a t  an a l t i t u d e  
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more accura t e  d e s c r i p t i o n  of t h e  mer id iona l  and a l t i t u d i n a l  d i s t r i b u t i o n  
material was obtained using t h e  NASA/LaRC a i r b o r n e  ruby l idar  system on 

-12, 1982. Ind iv idua l  v e r t i c a l  p r o f i l e s  showed a l a y e r  peak a t  an a l t i t u d e  o f  

It is clear t h a t  

f l i g h t  between NASA Wallops F l i g h t  Center  and the Caribbean between Ju ly  

26-27 km w i t h  maximum scattering r a t i o s  of about  50. Figure 1 shows con tour s  of 
t h e  ae roso l  backscatter ra t io  for t h e  two f l i g h t  d i r e c t i o n s .  
t h e  main l a y e r  above 21 km is still b a s i c a l l y  confined t o  the l a t i t u d e  band 
s o u t h  of 25"N although material below 20 km has  spread farther north.  

R - l  
01 -03 

I O  -30 
30 - 100 

100-300 
> 300 

m-10 

lo = s o 4 0  
LATITUDE N 

Figure 1. Contours of aerosol backsca t t e r  r a t io  (R-1) a t  X = 0.6943 Prn versus 
a l t i t u d e  and l a t i t u d e  f o r  the July 9-12, 1982 f l i g h t  campaign, (McCormick 
e t  al . ,  1984. )  
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Spreading of t h e  h ighe r  a l t i t u d e  material was, i n  f a c t ,  noted by 
mid-lat i tude lidar s t a t i o n s  i n  June 1982 and continued throughout the summer. 
During succeeding monthsD t h e  vertical s t r u c t u r e  b lu r r ed ,  sha rp  layers 
disappearing and by t h e  end of 1982, t he  d i s t i n c t i o n  between upper and lower 
l a y e r s  had l a r g e l y  disappeared. A second a i r b o r n e  l idar  expedi t ion i n  October 
1982, which covered t h e  l a t i t u d e  range 46"N-46 S showed a e r o s o l  dispersed over  
t h i s  e n t i r e  l a t i t u d e  span, maximum c o n c e n t r a t i o n s  were still, houever, i n  a 
band between 10"s and 30"N (McCORHICK e t  al., 1984; McCORMICK and SWISSLER, 
1983). Peak scattering ratios within t h i s  band occurred a t  t h e  somewhat lower 
a l t i t u d e  of 24 km vith a remarkable degree of zonal  homogeneity. 
shows a set of l i d a r  scattering p r o f i l e s  obtained a t  19'19 between long i tudes  
78"W and 86"W, where there is very l i t t l e  v a r i a t i o n  in a e r o s o l  d i s t r i b u t i o n .  
SAH I1 data for t h e  a n t a r c t i c  region ob ta ined  in December 1982 ahowed tha t  t h e  
vo lcan ic  a e r o s o l  had reached high sou the rn  l a t i t u d e s  (6S"S-8O0S) by about t h i s  
time. I n  t h e  arctic region a t  t h i s  time, 1 um o p t i c a l  depth values  were c l o s e  
t o  t h e i r  peak l e v e l s  of approximately 0.1 (weekly average value) .  

Figure 2 

(b)  Gaseous and Particle Characteristics 

Extimates of SO2 concentrat ions have been made by satell i te (RRUEGBR, 
19831, i n - s i tu  aircraft (VEDDER et al.,  19631-and ground-based (EVANS and KERR, 
1983) observations.  
w i th  t he  ae roso l  cloud. 

These show tha t  t h e  SO2 cloud spread westward from Mexico 
An estimate of the q u a n t i t y  Of SO2 deposited i n t o  t h e  



.. . *  

.. 

OCTOBER 21-22.1982 
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Figure 2 .  Vertical p r o f i l e s  of l i d a r  s c a t t e r i n g  r a t i o  between Mexico and 
Pue r to  Rico on October 21-22, 1982. The lower a l t i t u d e  (13-14 km) enhance- 
ment i s  a t ropospheric  cloud. (McConnick and S w i s s l e r ,  1983.) 

s t r a t o s p h e r e  by E l  Chichon, based on sa te l l i t e  measurements, is approximately 3 
x lo6 tons. 
cloud during 1982 va r i ed  between 8 and 132 pptv. Ground-based measurements of 
SO2 column content  i n  klauna Loa have been used, i n  combination with a i r b o r n e  
measurements, t o  a r r i v e  a t  a f igu re  of approximately 13 x 106 t o n s  of SO2 
i n j e c t e d .  Airborne SO2 overburden measurements and independent s u l p h a t e  m i r i n g  
ra t io  measurements (HROZ e t  al., 1983) showed a l a t i t u d i n a l  d i s t r i b u t i o n  
similar to  t h a t  measured o p t i c a l l y  for t h e  plume. 

Mixing ratios from i a - s i t u  measurements i n  t h e  lower p a r t  of t h e  

Size-specif ic  composition measurements on a e r o s o l s  i n  t h e  lower p a r t  of 
cloud using a q u a r t z  c r y s t a l  microbalance (WOODS and CHUAN, 1983) showed a very 
complex s i t u a t i o n .  During t h e  f i r s t  months af ter  t h e  e rup t ion ,  the a e r o s o l  
mass was dominated by s o l i d  micrometer-sized p a r t i c l e s .  The sokmfcmmeter 
p a r t i c l e s  cons i s t ed  l a r g e l y  of sulphuric  acid. 
fewer very large p a r t i c l e s  were evident,  presunably having been removed by 
sedimentation. S i m i l a r  results were obtained by GOODING e t  al .(1983) from 
f l i g h t  samples c o l l e c t e d  a t  a l t i t u d e s  up to  19 loo and between l a t i t u d e s  of 100s 
and 7PN. These f l i g h t s  showed progressively f i n e r  g ra ined  a s h  samples wi th  
i n c r e a s i n g  time after t h e  eruption. Samples c o l l e c t e d  i n  October 1982 were 
dominated by l i q u i d  d r o p l e t s ,  assumed t o  be s u l p h u r i c  ac id .  

By November and December, 1982, 

Numerous aerosol s ize  d i s t r i b u t i o n  and concen t r a t ion  measurements were 
made using balloon-borne p a r t i c l e  counters  a t  Laramie (41°N) and i n  sou the rn  
Texas (270-290N) during t h e  months following t h e  E l  Chichon e r u p t i o n  ( H O W  
and ROSEN, 1983a,b, 1984). These have shown i n  some d e t a i l  t h e  v a r i a t i o n  of 
p a r t i c l e  concen t r a t ion  and mass mixing ra t io  t o  a l t i t u d e s  of about  30 b. The 
measurements also confirm t h e  fo rna t ion  of two MJor l a y e r s  s epa ra t ed  by a 
r e l a t i v e l y  c l e a r  region a t  an a l t i t u d e  of about  2 1  Ian. 
l n  both l a y e r s  g r e u  w i t h  time, t h a t  i n  t h e  upper l a y e r  peaking a t  around 0.3 
pm, approximately f o u r  months a f t e r  the e r u p t i o n  and t he  mean r a d i u s  i n  t he  
lower l a y e r  rising more slowly t o  about 0.2  pm one year  after t h e  e rup t ion .  
The p a r t i c l e  size d i s t r i b u t i o n  i n  t h e  upper l a y e r  was i n i t i a l l y  blmodal with 
modes near  0.02 pm and 0.7 This is c o n s i s t e n t  with slmultaneous nuc lea t ion  
from gaseous H2SO4 and growth of preeristing a e r o s o l s .  
behavioral  d i f f e rences  a t  18 and 25 b are n o t  clear but  may be connected with 

The aerosol mean radius 

The reasons for t h e  



t h e  more r ap id  g l o b a l  d i s p e r s i o n  of t h e  18 km l a y e r  or i n  t h e  production of the  
l a y e r s  by d i f f e r e n t  explosions.  

(c )  Mass Loading 
I 

Y O t e d  
Some estimates of t h e  mass of i n j e c t e d  SO2 gas  have a l r e a d y  been 

and ROSEN and HOMANN (1983a) estimated an i n j e c t i o n  mass of 8-20 x 10 tonnes, 
depending upon time after t h e  erupt ion.  HcCOR CK and SWISSLER (1983, 1985) 
have combined d a t a  from t h e  series o f  NASA-LaR; l i d a r  f l i g h t s  and SAM I1 
o p t i c a l  depth measurements t o  not only estimate t h e  peak a e r o s o l  mass loading 
b u t  also t o  s tudy  its decay. The time from t h e  e r u p t i o n  of E l  Chichon t o  
apparent  peak s t r a t o s p h e r i c  loading was observed t o  vary with a l t i t u d e  frw 3-4 
months i n  t h e  l a t i t u d e  belt c l o s e  t o  E l  Chichon t o  about one year  a t  high 
no r the rn  l a t i t u d e s .  Viewed more g loba l ly ,  t h e  mass probabl peaked between 
A u g d s t  and September, 1982 (HcCORMICK, 1984). Ind iv idua l  kk?, f l i g h t s  have 
been used t o  c a l c u l a t e  t h e  in t eg ra t ed  a e r o s o l  backsca t t e r  frzm t h e  tropopause 
upwards as a func t ion  of l a t i t u d e .  T h i s  i s  shown i n  Fig.  3 for t h e  f l i g h t  of  
October-November,l982 (McCORMICK and SWISSLER, 1983). 
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Figure 3. I n t e g r a t e d  ae roso l  backsca t t e r ing  funct ion from t h e  tropopause 
through t h e  s t r a t o s p h e r i c  l aye r  v e r s u s , l a t i t u d e  f o r  t h e  southbound and 
northbound f l i g h t s .  (HcCormick and Swiss l e r ,  1983.) 

Conversion t o  aerosol mass loading involves  t h e  use of a model for aerosol 
p a r t i c l e  s ize  d i s t r i b u t i o n  and composition. In t h i s  case, t h e  model used is 
based on t h e  Un ive r s i ty  of Wyoming's six-channel  balloon-borne p a r t i c l e  counter  
d a t a  from Del Rio, Texas, also f o r  October, 1982. Total a e r o s o l  mass loading 
c a l c u l a t e d  i n  t h i s  way was 11.0 x 106 tonnes. Allowing f o r  t he  a e r o s o l  loading 
o u t s i d e  t h e  l a t i t u d e  l i m i t s  of t he  l i d a r  f l i g h t  (based on Shkl I1 d a t a ) ,  and 
s u b t r a c t i n g  t h e  p r e e x i s t i n g  aerosol  a t o t a l  of 12 x 10. tonnes is a r r i v e d  a t  
f o r  t h e  g l o b a l  t o t a l  from E l  Chichon. Confidence i n  t h i s  value is increased by 
t h e  r e s u l t s  o f  a comparison of t he  l i d a r  der ived,  wavelength dependent, o p t i c a l  
dep th  with d i r e c t  sun  photometer measurements (SWISSLER a t  a l . ,  1983) taken on 
t h e  same f l i g h t .  Good agreement was found between t h e  two d a t a  sets confirming 



t h e  reasonableness  of t h e  o p t i c a l  model used w i t h  t h e  l i d a r  data. 
s t ra tospheric  a e r o s o l  o p t i c a l  depth  va lues  du r ing  t h e  time of maximum loading 
v a r i e d  from 0.03  t o  0.15 f o r  v i s i b l e  wavelengthsp h ighes t  va lues  were observed 
abou t  20°N l a t i t u d e  (SPINHIRNE, 1983).  Table 2 shows a list of e s t i ~ a t e d  
s t r a t o s p h e r i c  a e r o s o l  masses i n j e c t e d  by s i g n i f i c a n t  vo lcan ic  I n j e c t i o n .  The 
t o t a l  a e r o s o l  from El Chichon is an order of magnitude greater than any o t h e r  
e r u p t i o n  during t h e  previous ten y e a r s  and 1s comparable t o  the  stratospheric 
i n p u t  from Agung and earlier massive e r u p t i o n s .  

Global 

TABLE 2. ESTIMATES OF AEROSOL MASS LOADING FROM VOLCANIC ERUPTIONS 

August 1883 Krakatoa 

June 1912 b t m a i  

%arch 1963 ASuW 

October 1974 Fuego 

1979 

November 1979 

xay 1980 

October 1980 

April 1981 
May 1981 

January 1982 

Apr i l  1982 

Background 

Sierra Negre 

St. Helens 

Ula-n 

Alaid 
Pagan 

Mystery Volcano 

E l  Chichon 

Total Global 
Inject ion 

( l o h t r i c  Tons) 

50 

20 

16 
30 

6 
3 

0 .57 

0 .16  

0.55 
0 .18  

0.50 

0.85 

12.0 

Source 

Diermendjian (1973) 

Diermendjian (1973) 

Diermendjian (1973) 
Cadlc. e t  a1. (1976. 1977) 

Cadle. et  e l .  (1976. 1977) 
Larrus. et  a1. (1979) 

Kent 6 HcConnick (1984) 

Kent 6 HcCormlck (1984) 

Kent 6 HcCormick (1984) 

Kent 6 HcCormlck (1984) 

Kent 6 HcCormlck (1984) 

Hror et a l .  (1983) 

HcConlck (1984) 

(d)  Temperature Impact 

An i n t e r e s t i n g  aspect  of the  s t r a t o s p h e r i c  i n f l u e n c e  of t h e  E l  Chichon 
aerosol ha8 been t h e  effect on stratospheric temperature.  LABITZRE et  a l .  
(1983) have shown t h a t  t h e  30 mb temperatures  between 10°N and 30"N during 
July-October ,  1982 were s i g n i f i c a n t l y  warmer than in t h e  same months i n  
prev_ious years .  
c o i n c i d i n g  i n  l a t i t u d e ,  a l t i t u d e  and time with t h e  peak aerosol 
concen t r a t ions .  
r ad ia t ive -convec t ive  models which p r e d i c t  t ha t  the aerolsols from a major 
e r u p t i o n  such as  €1 Chichon or bung w i l l  warm t h e  stratosphere and cool the  
ear th 's  s u r f a c e  (HANSE?I e t  al. , 1978). 

Temperature dev ia t ions  were as high as S°C, t h e  maximum change 

These f ind ings  are c o n s i s t e n t  w i th  one-dimenalonal 

CLOUD CHARACTERISTICS AHD BEHAVIOR, 1983-1985 
I 

The y e a r s  1983-1985 have c o n s t i t u t e d  a per iod du r ing  which t h e  aerosol 
from t h e  E l  Chichon eruption has  been i n  a slow decay phase. The a e r o s o l  has  
spread r e l a t i v e l y  u n i f o m l y  g loba l ly ,  w i t h  i t s  main concen t r a t ions  l y i n g  i n  
three bands centered on the  equator and h u h  no r the rn  and southern l a t i t u d e s ,  
r e s p e c t i v e l y .  
d e r i v e d  from f i v e  NASA-LaRC l i d a r  f l i g h t s  between J u l y ,  1982 and January, 1984. 
The zona l  s t r u c t u r e  is c l e a r l y  v i s i b l e  i n  t h e  data f o r  Hay, 1983 and is similar 
t o  t h a t  s een  for earlier erupt ions (KENT and HcCORMICK, 1984) .  A t  the  same 

Figure 4 shows a pe r spec t ive  view ~f the i n t e g r a t e d  backscatter 
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Figure 4. Perspective diagram showing integrated backscatter as a f u n c t i o n  
of latitude for five airborne lidar missions between July 1982 and 
January 1984. 

time, t h e  i n t e g r a t e d  backsca t te r ing  and e x t i n c t i o n  have been decreas ing .  Th i s  
is shown in t h e  mid- la t i tude  l idar record (HcCORMICK e t  al., 1984) and high 
l a t i t u d e  SAM 11 e x t i n c t i o n  d a t a  (HcCORMICK and SWISSLER, 198s). 1 pro peak 
aerosol e x t i n c t i o n  va lues ,  measured by t h e  S t r a t o s p h e r i c  Aerosol and Gas 
Experiment I f  (SAGE II-+4AULJ)IN e t  al.,  1985) in November 1984, were about 1.5 
x 10-3km-1 i n  medium nor thern  latitudes, or about  one order of magnitude 
greater than the  background va lue  in 1979. The NASA-LaRC 48" l idar  record shown 
i n  F Q .  5 recordedintegratedbackscatter va lues  In t h e  first h a l f  of 198s about 
a factor of six above the 1979 l eve l s .  Recent ly ,  HcCORMICK and SWISSLER (1985) 
have used l idar  and satel l i te  e x t i n c t i o n  data t o  estimate the decay rate for  
the a e r o s o l  mass loading. These decay rates u e r e  found t o  be dependent upon 
l a t i t u d e  and per iod  of ca lcu la t ion .  
hemisphere and a time i n t e r v a l  of a year or more was found t o  be 10-11 months. 
This per iod ,  and the per iod  from t h e  e r u p t i o n  t o  maximum s t r a t o s p h e r i c  effect 
(3-6 months), are siailor to  those found for earlier e rup t ions .  

The average  l ie  time for the nor the rn  

A t  t h e  same time t ha t  the aerosol o p t i c a l  effects have been decreasing, 
the mean aerosol r a d i u s  i n  t he  upper p a r t  of t h e  oloud has been decreasing 
(HOFMANN and ROSEN, 1984) and t h e  a l t i t u d e  of the  l a y e r  peak in the  nor thern  
hemisphere deoreased f'rom about 26 h in A u g u s t  1982 t o  about 21 km in August 
1983 (McCORHICK, 1984). Baakscatter 8easurements (POST, 1985) at  10.6 j,m and 
40"N show a slmilar decre8re o f  both peak backscatterlag and cloud a l t i t u d e .  
The tlme c o a s t a n t  for removal from the  s t r a t o s p h e r e  was found by POST (1985) t o  
be 208 days, i n  fa i r  agreement w i t h  the va lue  quoted earlier. I n  a d d i t i o n ,  the 
volcanic  aerosol can be seen  en ter ing  the upper t roposphere where i t  had a 
s h o r t e r  res idence  tlme of about 60 days. 
a e r o s o l  t r a n s f e r  was seen  after the earlier erUptlOn of M t .  St. Helen8 (KENT e t  
al., 1985). 

S i m i l a r  s t r a tosphe r i c - t roposphe r i c  
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Figure 5. Long-term variation of Integrated stratospheric' aerosol back- 
scattering function obtained at Hampton, Virginia (37ON). 

CONCLUSIONS 

The s t r a t o s p h e r i c  effects of the  El Chichon e r u p t i o n s  have been well 
surveyed by satell i te,  in - s i tu  and ground-based remote sensors .  These have 
S h G -  I t h a t  t he  s t r a t o s p  r ic  cloud,  I n j e c t e d  i n t o  the  stratosphere a t  6 
approxfmately 17"N, reac t e d  an  a l t i t u d e  of a t  least 30 km. The cloud c i r c l e d  
t h e  g lobe  i n  about 3 weeks and meridional transport of the  lower l e v e l  material 
was a l s o  observed i n  medium and high no r the rn  l a t i t u d e s ,  using lidar, wi th in  a 
feu weeks of t h e  e rupt ion .  Movement of t h e  upper p a r t  of the  cloud,  i n i t i a l l y  
peaking a t  around 26 laa, was somewhat slower, but  by the end of 1982, t h e  cloud 
was wel l -d ispersed  g loba l ly .  
lo7 tomes was observed about  3-6 month8 after the e rup t ion ,  making t h i s  one of 
the most s i g n i f i c a n t  e r u p t i o n s  of t h i s  cen tu ry .  
i n  t h e  v i s i b l e  r eg ion  of t h e  spectrum a t  t h i s  time, were between 0.03 and 0.15. 
Average l/e decay times for t h e  concent ra t ion  of t h e  I n j e c t e d  aerosol have been 
determined from satel l i te  and l idar  obse rva t ion8  t o  be about  10 months. 

A marlmum a t n t o a p h e r i c  loadlag of about  1.2 x 

Aerosol o p t i o r l  depth  va lues ,  
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